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ABSTRACT

Introduction: Neovascular (hemorrhagic) glaucoma is one of the causes of irretrievable loss of]
vision throughout the world. The ischemic process in the retina brings to the formation of neovascu-
lar vessels in retina and iris as a result of vascular endothelial growth factor; this latter leads to a
significant increase of intraocular pressure. Avastin (bevacizumab) neutralizes the vascular endothe-
lial growth factor. Avastin is used intravitreously for treatment of ischemic diseases of the retina,
such as diabetic retinopathy with macular edema, age-related macular degeneration with chorioneo-
vascular membrane, as well as thrombosis of the central veins of the retina with macular edema.

The aim of our work was to reveal the efficacy and safety of avastin use in patients with second-
ary neovascular glaucoma.

Material and Methods: In 2008-2010 the investigation was done at the Ophthalmological Center
after S.V. Malayan (Yerevan, Armenia) and embraced 29 eyes of 28 patients (14 women and 14 men) at the
age of 30 to 86 years old (average age: 60.7). Among all studied patients, there were 26 subjects with dia-
betes mellitus and 2 patients applied after suffering thrombosis. All the patients had secondary neovascu-
lar glaucoma with different degree of rubeosis. The patients received antiglaucoma medical treatment. All
the patients initially received 1.25 mg avastin injections: 18 eyes were injected in the anterior chamber
and 11 eyes — intravitreously. The second injection of 1.25 mg avastin was given to 11 patients.

Results and Discussion: Improvement was noted in 25 of 29 eyes. By the end of the first month after,
avastin injection the increase of visual acuity, intraocular pressure normalization and absence of ru-
beosis were noted in 8 patients. In 11 patients improvement was also observed: reduction or normaliza-
tion of intraocular pressure and decrease or absence of rubeosis; however, the visual acuity remained
unchanged: 8 patients received avastin injection for the organ preservation purpose. Amongst 29 cases,
in 28 rubeosis was absent or its degree decreased after the avastin injection; only in 1 patient the condi-
tion remained unchanged: the third degree rubeosis remained without worsening.

Conclusion: Taking into account the above mentioned, the authors have concluded that intra-
ocular injection of avastin (1.25 mg) is an effective method for treatment of patients with secondary,
neovascular glaucoma. The procedure can be widely implemented in the clinical practice both inde-
pendently and in combination with other treatment methods.
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INTRODUCTION

All over the world, neovascular (hemorrhagic)
glaucoma is one of the causes of irretrievable loss
of vision. The ischemic process in the retina
brings to formation of neovascular vessels in retina
and iris as a result of vascular endothelial growth
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factor (VEGF); this latter leads to an expressed
increase of intraocular pressure [Adamis A. et al.,
1994; Tripathi R. et al., 1998; Noma H. et al.,
2005]. Ischemia of the retina is mainly encoun-
tered in patients with diabetic retinopathy, throm-
bosis of the central retinal vein (CRV). Treatment
of such patients is mainly surgical. Panretinal
photolasercoagulation (PhLC) is also conducted
to decrease vasoproliferative factor and probably
cause regression of neovascularisation in the an-
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terior segment of the eye. Avastin (bevacizumab)
inhibits binding of vascular endothelium recep-
tors with the growth factor and is implemented
for the treatment of metastatic colorectal cancer
and some forms of other malignant tumors [Cohen
M. et al., 2007].

Avastin is used intravitreously to treat ischemic
diseases of the retina, such as diabetic retinopathy
with macular edema, age-related maculodegerera-
tion with the presence of chorioneovascular mem-
brane, thrombosis of CRV with macular edema
[Rich R. et al., 2006; Arevalo J. et al., 2007; Costa
R. etal., 2007]. The use of avastin injection in treat-
ment of neovascular glaucoma was also described
[Davidorf F. et al., 2006; Kahook M. et al., 2006].

MATERIAL AND METHODS

From 2008 to 2010, 29 eyes of 28 patients (14
women and 14 men) at the age of 30 to 86 years
old (average age: 60.7) were investigated at the
Ophthalmological Center after S.V. Malayan (Ye-
revan, Armenia). There were 26 patients with dia-
betes mellitus, 2 patients after suffering thrombo-
sis. All the patients had secondary neovascular
glaucoma with rubeosis of different degree. The
patients received antiglaucoma medical treatment.
Nine patients received panretinal PhLC before de-
veloping secondary neovascular glaucoma, 2 pa-
tients underwent panretinal PhLC during the first
avastin injection. One patient, who had already
had PhLC, received additional coagulants during
the 1st avastin intravitreous injection, another pa-
tient underwent panretinal PhLC in a month after
avastin intravitreous injection. The PhLC was done
using the semiconductive diode laser “PURE-
POINT” (*Alcon”, USA).

Initially all the patients were injected 1.25 mg
avastin (“Roche”, Switzerland); 18 eyes were in-
jected into the anterior chamber and 11 — intravit-
reously.

Among 18 patients with an injection into the
anterior chamber, 7 patients received another in-
jection of 1.25 mg avastin: 3 of them were given
this injection again into the anterior chamber and 1
of them — twice; 4 patients got 1.25 mg avastin in-
travitreous injection: 2 of them twice additionally.
Of 11 patients, who had intravitreous avastin injec-
tion, 4 patients were again injected 1.25 mg avas-
tin: 3 of them intravitreously (one — three times,

two of them —twice); 1 patient got another 1.25 mg
avastin injection into the anterior chamber.

Before and after avastin injection, the visual acu-
ity in investigated patients was determined in con-
ventional units according to H. Snellen formula:

d

Vo

where V (Visus) is visual acuity; d — distance, at
which the tested subject can see letters of the given
row of the chart; D — distance, at which an eye with
the normal visual acuity can see (in conventional
units).

The intraocular pressure (IOP) was measured
before and after avastin injection according to A.
Maklakov and expressed as mm Hg.

The degree of rubeosis was evaluated in ac-
cordance with classification of Wand M. and co-
workers (1978). The first degree rubeosis was as-
sessed at presence of newly formed vessels along
the pupillary edge of the iris, open anterior cham-
ber angle; the second degree was recorded at
newly formed vessels in all zones of the iris; the
third degree was recorded at newly formed ves-
sels in all zones of the iris, neovascularization of
the anterir chamber angle, single zones of ante-
rior chamber angle synechiae closure; the fourth
degree was marked with newly formed vessels in
all zones of the iris, anterior chamber angle clo-
sure [Wand M. et al., 1978].

RESuULTS AND DI1SCUSSION

The dynamics of visual acuity changes, as well
as intraocular pressure and rubeosis degree be-
fore and after avastin injection is presented in %
(Figures 1-3).
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Ficure 1. Comparative characteristics of visual acuity
averaged values in patients before (CJ) and after
(C) avastin injection by the end of the 1st year of
observation. Note: p.l.c. - proectia lucis certa.
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Ficure 2. Comparative characteristics of intraocular
pressure averaged values in patients before ([J)
and after ([J) avastin injection by the end of the 1st
year of observation.

The improvement was noted in 25 of 29 eyes.
By the 1st month after avastin injection the im-
provement of visual acuity, IOP normalization and
absence of rubeosis were noted in 8 patients.
Among them in 5 patients the state remained un-
changed during a year (2 of them underwent pan-
retinal PhLC earlier, one of them got it during the
injection). After the visual acuity improvement
from 0.03 to 0.1 by the 2nd month one patient re-
ceived another intravitreous avastin injection; the
visual acuity increased up to 0.2. By the 3rd month
after the 3rd injection visual acuity increased up
to 0.3 and remained stable during 1 year. In the
2nd patient after the visual acuity increase from
0.1 to 0.3 a decrease of visual acuity up to 0.2 was
noted in one and a half month. This patient re-
ceived another intravitreous avastin injection, the
visual acuity again increased up to 0.3, and his
state remained unchanged during a year. In the lat-
ter of described cases (the patient after thrombo-
sis) the visual acuity increased from 0.02 up to 0.1

_48.30%

6.90%

—_27.60%

after avastin injection into the anterior chamber,
but by the 3rd month he developed the 1st degree
rubeosis; the visual acuity was without any spe-
cial changes — 0.09. The patient again received
intravitreous avastin injection, after which rubeo-
sis could not be noted biomicroscopically. The vi-
sual acuity increased up to 0.2, IOP remained at
17 mm Hg, by the year-end IOP became 19 mm
Hg, rubeosis of the 2nd degree was recorded. The
patient received intravitreous avastin injection
once more (all the 3 patients had undergone pan-
retinal PhLC previously).

In 1 patient visual acuity increase was noted
from 0.05 to 0.08, as well as IOP decrease from 25
mm Hg to 20 mm Hg, the 2nd degree rubeosis
turned into the 1st degree (the patient had under-
gone panretinal PhLC previously), but by the 8th
month after the 1st avastin injection into the ante-
rior chamber the patient’s state worsened: visual
acuity decreased up to 0.03, IOP made 25 mm Hg,
the 1st degree rubeosis remained. The patient was
again given intravitreous avastin injection, after
which an improvement was noted anew: the visual
acuity made 0.08, no rubeosis was biomicroscopi-
cally noted, IOP was at 20 mm Hg and the state
remained stable during the year. By the 1st month
after avastin injection into the anterior chamber
the other patient’s visual acuity increased from
0.04 to 0.1; his IOP decreased from 45 mm Hg to
23 mm Hg rubeosis of the 4th degree changed to
the 2nd degree. The patient applied with pains;
upon the pains relief, panretinal PhLC was con-
ducted. However, by the 2nd month the patient
noted deterioration: IOP increased up to 29 mm Hg
visual acuity made 0.08, rubeosis was not biomi-
croscopically noted. The patient received another
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Ficure 3. Eyes distribution according to rubeosis degree before (a) and after (b) avastin injection (in %).
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intravitreous avastin injection, no changes were
noted, and the patient was operated on.

Thus, only in 1 of the above mentioned patients
deterioration of the overall state was noted by the
end of the 1st year.

By the 1st month after the first avastin injec-
tion, the improvement was noted in 11 patients:
decrease or normalization of 0P, decrease or ab-
sence of rubeosis, and unchanged visual acuity.
Among the mentioned cases, 8 patients with the
visual acuity of 0, proectia lucis certa, proectia
lucis incerta received avastin injection to protect
the organ. Six of them received avastin injection
once: in 3 patients the injection was done into the
anterior chamber, while 3 others were injected in-
travitreously. In 3 patients IOP normalized, rubeo-
sis disappeared (1 patient had an acute attack that
was coped), and the state remained stable during a
year. In 2 patients IOP decreased from 34 mm Hg
up to 28 mm Hg and from 38 mm Hg to 30 mm Hg,
correspondingly; acute pains disappeared, the 3rd
degree rubeosis turned into the 1st degree: the state
was stable, no surgical intervention was needed. In
another patient with acute attack the IOP decreased
from 38 mm Hg to 28 mm Hg after the intravitreous
injection, the attack was coped, rubeosis was ab-
sent (it was of the 3rd degree). By the 2nd month
I0P normalized (18 mm Hg) without another avas-
tin injection and remained stable by the year-end.
In another patient, who also presented with an
acute attack, the 1st avastin injection into the ante-
rior chamber decreased IOP from 40 mm Hg to 19
mm Hg. the 3rd degree rubeosis was not noted bio-
microscopically any more. the state was stable,
and the attack coped. However, the patient decided
to stop taking the administered antiglaucoma
agents, and by the year-end he suffered pains in the
eye, IOP made 38 mm Hg, rubeosis of the 3rd de-
gree was observed. Avastin was injected into the
anterior chamber of this patient, though without
any improvement, pains did not disappear, the pa-
tient was suggested cidafarin injection, In another
patient (with acute attacks) 10OP decreased from 49
mm Hg to 41 mm Hg, the 4th degree rubeosis
changed to the 3rd degree, the attack disappeared.
However, by the 1st month I0OP remained 41 mm
Hg, another injection of avastin was given into the
anterior chamber, rubeosis and pains disappeared,
I0P remained unchanged at 41 mm Hg. By the 1st

month after the injection, in 2 patients IOP became
normal, rubeosis was not noted biomicroscopi-
cally, visual acuity remained unchanged: in one
patient it was 0.1 (this patient got a single avastin
injection into the anterior chamber with panretinal
PhLC). in the second patient visual acuity made
1.0. A single intravitreous avastin injection was
given, no PhLC was done, the patient previously
suffered from CRV thrombosis. In both patients
the state was stable during a year. In the latter pa-
tient IOP decreased from 38 mm Hg to 30 mm Hg,
the 2nd degree rubeosis was not noted biomicro-
scopically, visual acuity after the 1st injection re-
mained 0.2 (intravitreous avastin injection was
given with panretinal PhLC). By the 1st month a
second injection was performed into the anterior
chamber, 10P made 26 mm Hg, no rubeosis was
observed, visual acuity made 0.7, but by the 3rd
month deterioration of the state was noted: visual
acuity decreased to 0.06, IOP increased to 41 mm
Hg, the 2nd degree rubeosis developed; the patient
was not operated on.

Of these mentioned patients worsening of the
state was noted in 2 patients; in 1 patient visual acu-
ity decreased from 0.7 to 0.06 by the 5th month, and
the patient was operated on. By the end of the 1st
year after injection the second patient received
avastin injection for organ protection purpose. Upon
the first injection of avastin into the anterior cham-
ber no rubeosis was noted in ether of the patients.
and the state remained stable during a year (both pa-
tients received avastin injection for organ protection
purpose). The IOP and vision acuity remained un-
changed in both patients. Thus, the improvement
could be noted in these 2 patients as well.

The improvement was also noted in the follow-
ing 4 patients. In 1 patient IOP decreased from 38
mm Hg to 26 mm Hg, visual acuity increased from
proectia lucis certa to 0.5, rubeosis changed from
the 3rd to the 1st degree by the end of the 1st
month, then by the 2nd month rubeosis disap-
peared without a second injection, IOP was 14 mm
Hg and remained stable during a year (the injec-
tion was done into the anteriror chamber). In an-
other patient 1OP and visual acuity remained un-
changed by the 1st month, rubeosis was not noted
after the injection (avastin was injected into the
anterior chamber); by the 2nd and the 3rd months
repeated injections of avastin were performed, the
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condition remained stable. In the third patient IOP
decreased from 25 mm Hg to 22 mm Hg, rubeosis
was absent (it was of the 1st degree); after intravit-
reous injection the visual acuity decreased from
0.7 to 0.6. However, by the 6th month, without a
second injection, visual acuity of the patient in-
creased up to 0.9 and remained stable during a
year. In the 4th patient IOP decreased from 22 mm
Hg to 20 mm Hg, the 1st degree rubeosis was not
revealed biomicroscopically, visual acuity de-
creased from 0.1 to 0.09 remaining stable during a
year without a second injection (earlier the patient
underwent panretinal PhLC).

Deterioration was noted in 2 patients. In 1 pa-
tient after the 1st avastin injection into the ante-
rior chamber the 10P increased from 30 mm Hg to
41 mm Hg, rubeosis disappeared; visual acuity re-
mained unchanged at 0.02. By the 2nd month a
second intravitreous avastin injection was admin-
istered, the visual acuity made 0.04, IOP was 38
mm Hg, no rubeosis was observed, and the surgi-
cal intervention was recommended. In the 2nd pa-
tient IOP increased from 22 mm Hg to 35 mm Hg,
visual acuity decreased from 0.2 to 0.1, rubeosis
was absent (it was of the 3rd degree). A second
avastin injection was administered to this patient;
by the 2nd month the 3rd degree rubeosis ap-
peared, IOP was 35 mm Hg, pains subsided, and
surgery was recommended (the patient underwent
silicone oil removal).

In 28 of 29 eyes rubeosis was either absent or
the degree reduced; only in 1 patient it remained

unchanged, the 3rd degree rubeosis remained with-
out deterioration.

Clinical case 1. Patient G.S., a 62-year-old male,
Diagnosis: OS — secondary neovascular glaucoma.
diabetic retinopathy. The patient applied to the
clinic with complaints of pain in the left eye.

After the prior examination the visual acuity of
the left eye was 0.01, IOP made 38 mm Hg, the 3rd
degree rubeosis was observed. Avastin was in-
jected intravitreously at 1.25 mg (Figure 4a). The
patient did not claim to have any eye pains after
the injection; the visual acuity increased to 0.1,
while IOP decresed to 28 mm Hg; after the medical
intervention the rubeosis decreased to the 2nd de-
gree (Figure 4b). By the 1st month after injection
the visual acuity was 0.1, IOP decreased to 24 mm
Hg, no rubeosis was revealed biomicroscopically
(Figure 4c).

Clinical case 2. Patient A.R., a 43-year-old female.
Diagnosis: OS - secondary neovascular glaucoma,
proliferative diabetic retinopathy. The patient un-
derwent closed posterior vitrectomy on the left eye
with silicone oil introduction and panretinal PhLC
of the retina. After removal of silicone oil the sec-
ondary neovascular glaucoma developed. The vi-
sual acuity of the left eye was 0.1, IOP made 26 mm
Hg, the 2nd degree rubeosis was observed. Avastin
was injected into the anterior chamber at 1.25 mg
(Figure 5a). On the 3rd day after avastin injection
the visual acuity was 0.3, IOP decreased to 20 mm
Hg, no rubeosis was observed biomicroscopically
(Figure 5b).

Ficure 4. Patient G.S. Anterior segment photograph of the eye before (a), in a day after (b) and by the end of the

1st month (c) after avastin injection.
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CONCLUSION

Avastin injection (1.25 mg) is an effective and

safe method for treatment of patients with second-
ary neovascular glaucoma.

The use of 1.25 mg avastin dose level allows to

significantly reduce the number of antiglaucoma
surgeries (implanted Ahmed valve, etc.).

Avastin use decreases the number of post-surgi-

cal complications in secondary neovascular glau-
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